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I. Introduction
Environmental pollution is currently one of the most important issues facing humanity. It was increased exponentially in the past few years and reached alarming levels in terms of its effects on living creatures [1] . The presence of heavy metals in the environment has been of great concern because of their increased discharge, toxic nature, and other adverse effects on receiving waters. The removal of toxic heavy metals such as cadmium, copper, lead, nickel, mercury, and zinc from aqueous environment has received considerable attention in recent years due to their toxicity and carcinogenicity which may cause damage to various systems of the human body [2, 3] .
Nickel is a toxic heavy metal that is widely used in silver refineries, electroplating, zinc base casting and storage battery industries. The chronic toxicity of nickel to humans and the environment has been well documented [4] . Nickel may cause cancer, depression, heart attacks, hemorrhage, kidney dysfunction, low blood pressure, muscle tremors, paralysis, nausea, tetanus and chest pain [5] .
The most widely used methods for removing heavy metals from wastewaters include ion exchange, chemical precipitation, reverse osmosis, evaporation, membrane filtration and adsorption [6] . However, these techniques have certain disadvantages, such as high capital and operational costs or the treatment and disposal of the residual metal sludge. Adsorption compared with other methods appears to be an attractive process due to its efficiency of removing metals even if present in lower concentration [7] . The adsorption technique is also economically favorable and technically easy to separate as the requirement of the control system is minimum. A variety of functional groups present on adsorbent such as hydroxyl groups have important role in the binding processes and carboxylic groups resulting in high affinity for metal cations.
A number of agricultural materials such as moss peat, coconut husk, coir pith, rice husk, tea leaf and almond husk have been reported for the removal of toxic metals from aqueous solutions and found suitable [8] . Guava is a significant tropical fruit in Malaysia and claims superiority over other fruits by virtue of its commercial and nutritional values [9] . In the processing line, the fruit is either canned or converted into juice or puree, or used for producing jam and guava paste. Guava seeds are industrial by-products or waste of theses food processing industry. These seeds represent about 5 % of the fresh fruit) [10] and are currently of no economic value [11] .
The objective of the present work was to evaluate the feasibility of using the adsorbent prepared from guava seed for the removal of nickel from aqueous solution and to study its adsorption process from kinetic, Isotherm and thermodynamic standpoints.
II. Materials and Methods
Guava seed was collected from Jain industry which is in Jalgaon, Maharashtra, India. The seeds were washed with double distilled water and dried in hot-air oven (Labhosp) at 105 0 C for 72 hr. [12] . Moisture, ash, fat, and crude fiber of guava seed were determined by S. Ranganna methods (1995) [13] . Protein content of guava seed was estimated by protein analyzer (Pelican Digetion-Kelplus KES 04LVA). Carbohydrate content was determined from the method described by W.O. Atwater and E.B. Rosa, 1899 [14] . Surface morphology of guava seed was analyzed by using SEM (S-4800 Type II HITACHI).
Standard nickel solution, nickel sulphate and all the other chemicals used in the study were of analytical grade with highest purity, procured from Jinendra scientific Jalgaon, Maharashtra, India. Stock solution of nickel (1000 ppm) was prepared by dissolving 4.47g of Nickel sulphate [NiSO4·6H2O] in1000 ml double distilled.
Preparation of Adsorbent
The dried guava seeds were taken in Air tight stainless steel container, carbonized in a Muffle furnace at 600 °C for 1 hr. After cooling, 50 g of obtained carbon was poured into 1000 ml conical flasks containing 500 ml of 1N KOH solution, and then were shaken at 200 rpm for 4 hr. at 50 o C. The mixture was left overnight, and was then filtered to remove the sorbent. The prepared activated adsorbent was washed number of times with double distilled water to provide to neutral pH. The adsorbent was then oven dried at 85 o C for 2 hours [15, 16] . It was then taken out, crushed and put into a mechanical sieve to separate the particles based on their size. Particles size 250 µ pass and 150 µ retained were taken for experiment.
Characterization of Adsorbent
The adsorbent was analyzed for moisture, ash, pH, water soluble content and acid soluble content using CEFIC methods (1986) [17] . Bulk density was estimate by DBK 5028-7 bulk density apparatus. [19] . Surface morphology of adsorbent prepared from guava seed was analyzed by using Scanning Electron Microscope (SEM) (HITACHI).
Batch Adsorption Kinetic Studies
To evaluate the performance of unit processes utilizing adsorption, it is necessary to have an understanding of the time dependence of the concentration distribution of the solute in both the bulk solution and solid adsorbent phases and to identify the rate-determining step. The batch kinetic and isotherm study was therefore carried out by varying initial concentrations of Ni solution (50, 75, 100, 150 and 200 mg/L) for various contact time (15, 30, 60 , 90, 120, 150, 180, 240, 300 and 360 min.) at fixed temperatures (50 0 C), adsorbent doses (0.5 g), volume of metal solution (50 ml) and pH (8.5) . The mixtures were agitated in an orbital shaker incubator (REMI) at 200 rpm followed by filtration using filter paper (Whatman 42). The filtrate containing the residual concentration of Nickel was determined by atomic absorption spectrophotometer (SL 176 ELICO Ltd., Hyderabad, India) at 232.0 nm.
The % nickel removal and adsorption capacity q t (milligram per gram) at time t after each run was determined as follows:
Where , C e and are the concentration (mg/L) of Ni solution at beginning (initial), at the end adsorption (equilibrium concentration) and at the end of time t respectively, V volume of solution in litre, W is the weight of adsorbent (g) [20] .
The kinetics study Nickel sorption was investigated using various different models (Pseudo-first order and second-order) and the most suitable model was selected based on the linear regression correlation coefficient (R 2 ) [21] . Where 1 is the pseudo-first order rate constant. qe is the amount of solute adsorbed on the surface of adsorbent at equilibrium and q t is the amount of solute adsorbed at any time t. The slope and intercept of the plot of log ( − ) versus t helps to calculate k 1 and q e . The initial rate (h) was calculated as k 1 q e .
The linear form of the pseudo-second order equation used in the work is given in following equation:
Where, k 2 is the rate constant of pseudo second-order adsorption. The k 2 and q e was determined from the slope and intercept of the plot t/q t versus t. The initial rate (h) was calculated as k 2 q e 2 [22] .
Adsorption Isotherms Study
The nature of the interaction between the adsorbate and adsorbent, i.e. favorable or unfavorable, can be determined from the isotherm shape. The data for isotherm study was taken from the kinetic studies with a time of 240 minutes at which the equilibrium was attended.
The homogenous monolayer coverage of the sorbate on a sorbent surface at a constant temperature is described by Langmuir isotherm. The Langmuir equation exploited in the study is presented in following equation. Freundlich isotherm model assumes multilayer adsorption on heterogeneous. The Freundlich behavior is indicative of the surface heterogeneity of the adsorbents, i.e. the adsorptive sites (surface of the studied adsorbents) are made up of small heterogeneous adsorption patches that are homogeneous in themselves. The activation of adsorption site takes place, leading to increased adsorption probably through the surface exchange mechanism The following Freundlich equation exercised in the work is an empirical equation that is very useful as it accurately describes much adsorption data. log = log + 1 log
Where K f is a constant related to the adsorption capacity (Freundlich constant) and 1/n is an empirical parameter related to the adsorption intensity (which varies with the heterogeneity of the material). Values of 1/n and K f were calculated respectively from the slope and the intercept of plot of logq e versus logc e . [23, 24] .
Temkin model assumes effect of some indirect interactions amongst adsorbate particles and suggests linear decrease in the heat of adsorption of all the molecules in the layer, due to these interactions. Temkin linear isotherm form employed in the investigation is expressed in the following equation [25] :
q e = ln(A)+ ln(C e ) q e = B ln(A) + B ln(C e )
Where, B = , R is gas constant (8.314 J/mol/K), T is Temperature (K). 1/b indicates the adsorption potential of the adsorbent. The plot of q e versus ln (C e ) enabled to determine the constants A and B. 
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III. Results and Discussion
Composition of Guava Seeds
The composition of guava seeds in given in Table 1 . The guava seeds were found to contain: moisture 7.1 %, ash 1.1 % and protein 8.5%. Similar type of result regarding composition of guava seeds was also obtained reported by C.R. Malacrida and N. Jorge (2013) [28] . The guava seeds were also showing fat 0.078 %, crude fibred 57.08 % and carbohydrate 26.2 %. The presence of higher amount of crude fiber and other carbohydrates and lower amount of fat justify the selection of guava seeds for the present work to preparer metal absorbent was appropriate. Table 2 shows the result of physio-chemical analysis of prepared adsorbent. The adsorbent found to contain 2.29 % moisture. The low moisture content indicates that of adsorbent had poor affinity for water. The other parameters was found to be ash 6.81 %, sulphated ash 4.43 %, pH 7.3, water soluble matter 0.38 %, acid soluble matter 0.88 % and fixed carbon 77.48 %. The high amount of carbon obtained with adsorbent shows that prepared adsorbent had potential to be used as material to adsorb metal. The adsorbent was showing zero point charge (pzc value) 7.4. The information about pzc helped to guess the pH at which the adsorbent had efficient adsorption capacity for metal ions (pH above 7. The essential criteria for any efficient adsorbent are its porous structure. Fig.1 and Fig. 2 shows the surface morphology of the guava seeds and prepared adsorbent investigated by SEM. The significance difference was observed between native guava seeds and prepared adsorbent in term of porosity. The SEM image of native guava seeds was showing a highly rigid and stiffness morphology, while prepared adsorbent had porous structure. This shows that the treatments given to guava seeds (heating + KOH) had beneficial effect on developing porous structure. 
Characterization of Adsorbent
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Adsorption Kinetics
The pseudo-second-order model (Fig. 4) yielded very good straight lines as compared to the plot of pseudo-first order (Fig. 3) .The slopes and intercepts of these curves were used to determine the values of k 1 and k 2 , as well as the equilibrium capacity (q e ). The calculated (cal) value of q e (Table 3 ) from the first-order kinetics model was dramatically lower than (cal) value of q e from the second-order kinetics model. Both k 1 and k 2 were found to be decreasing with increasing initial concentration of Ni ions solution. [31, 32] .
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Adsorption Isotherm
The distribution of metal ions between the liquid phase and the solid phase can be described by several mathematical model equations such as the standard Langmuir isotherm model, the Freundlich isotherm model and Temkin isotherm model. The Langmuir model assumes that the uptake of metal ions occur on a homogenous surface by monolayer adsorption without any interaction between adsorbed ions. The fitting curves from the three isotherms along with correlation coefficient (R 2 ) associated with each isotherm models is presented in Fig. 5, 6 and 7, whereas estimated models parameters is given in Table 4 . It is shown that the experimental data of nickel ions adsorption on prepared adsorbent from guava seed could be well fitted by the three isotherms in order Langmuir > Freundlich > Temkin. Similar finding was also reported by H. Demiral, and G. Gunduzoglu (2010), S.N. Dash and R.C.V. Murthy and other researchers [33, 34] . Clearly, Langmuir equation provided better fitting in terms of R 2 therefore considered as the desirable model for the said metal removal system. Fig. 8 is Van't Hoff plot for effect of temperature on adsorption of Ni ions by adsorbent that was investigated under Isothermal conditions in the temperature range of 10-50°C. The extent of adsorption of Ni ions was found to be increasing with increasing temperature, indicating the process to be endothermic in nature [35, 36] . Values of 0 G  were calculated from the values of adsorption equilibrium constant (KD) and is presented in Table 5 . The negative values of ΔG• confirm the feasibility of the process and the spontaneous nature of sorption with a high preference of Nickel on the adsorbent [37, 38] . 
Adsorption Thermodynamic
IV. Conclusion
This paper concludes by simple treatment using heat and chemical (KOH solution) the guava seeds can be converted into metal adsorbent possessing property of removing Ni ions from its solution. Adsorption of Nickel ions onto prepared adsorbent from guava seed however followed the pseudo-second-order kinetic well as compare to pseudo-first-order kinetic. Also the adsorption of Ni ions by adsorbent was better described by the Langmuir isotherm model than the Freundlich model and Temkin model. The said adsorption was endothermic and spontaneous in nature and feasible. Based on all results, it can be concluded that the guava seed is an effective and alternative adsorbent for the removal of Nickel ions from aqueous solution because of its considerable adsorption capacity, being of natural, thus cost-effective adsorbent.
